The change in systdic time Memds from before exercise to three to four minutes fotlowing a m9ximrrEexercise treadmill test was m e d to evaloate chest pain in 110 fasting supine subjects. Forty-six (85 percent) of 54 patients with chest pain and witb abmrmal f i n d m on cow uary arteriograms were found to have at least a lolmsec prdongation in the left ventricular ejection time imkx (LVETI), whereas only two (8 percent) of 25 subjects without heart disease and 5 (16 percent) of 31 subjects witbchestpainbutwitbmrmdflndiqponcoronary e limitations of the currently used clinical Tmethods for evaluating chest pain make it apparent that there is a need to improve the diagnostic accuracy of noninvasive tests for coronary heart disease.* Since myocardial ischemia during attacks of angina pectoris often results in decreased contractility of the left ventricle,* a relatively sensitive noninvasive test of left ventricular function, such as measurements of systolic time inter~als,~ might be of value as a diagnostic test for obstructive coronary arterial disease. Although resting measurements of systolic time intervals have not provided a dependable means of detecting coronary heart disease?' and these measurements during exercise have not proved u~eful,~ a previous report suggests that the change in measurements of systolic time intervals from the preexercise to the postexercise state may aid in the diagnosis of ischemic heart disease.' The present investigation was designed to determine the diagnostic accuracy of the change in measurements of systolic time intervals before and three to four minutes after maximal-exercise treadmill testing in detecting obstructive coronary disease among patients with recurrent chest pains. 
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Study P o p u~i o n
Following review and approval of the protocol by a medical ethics committee, fully informed verbal and written consent was obtained from all 110 subjects comprising the two study groups pax-ticipatbg in this investigation. The first group, coof 56 sedentary subjects without evidence of significant coronary disease, is subdivided into 25 d
"control" subjects and 31 subjects witb chest pain and with normal findings on ammary arteriograms. The 25 normal subjects were 20 men and five women (mean age, 50 years; range, 35 to 63 years) who had no evidence of heart disease by history, physical examination, chest x-ray film, and eledrocardiogram. Coronary arteriographic studies were not performed on these -tic, appaxwntly healthy snbjects. The 31 patients with normal coromuy artmigrams were 17 women and 14 men (mean age, 50 years; range, 38 to 65 years) from among the 85 consecutive patie!& with a syndrome of recurrent chest pain.
The second group consisted of 50 men and four women (mean age, 55 years; range, 35 to 64 years) with abnonnal coronary arteriograms who were the remainder of the 85 consecutive patients with recurrent chest pain. Among these 54 patients with coronary disease, there were 28 who had previous (more than three months) myocardial infarctions. An subjects with chest pain were considered by three cardiologists to have strictly clinical indications for coronary arteriographic studies. Patients with recent myocardial infarction, congestive heart failure, or coexisting valvular or hypertensive cardiovascular disease and subjects receiving therapy with digitalis and propran0101 were excluded from the study. Table 1 summarizes the results of the maximalexercise treadmill tests. All 25 control subjects at-M e m r e m e n t s O f S~s t d i c T i t n e z n~ tained 100 percent of the maximal predicted heart rate for tbeir age.* None of these subjects developed chest pain or evidence of ischemia on the ECG.
Maximal-Exercise Treadmill Testing
Although the 31 subjects with recurrent chest pain but with normal coronary arteriograms showed a high incidence of equivocally positive findings on maximalexercise treadmill tests by virtue of developing chest pain (eight subjects or 26 percent) or ischemic ST-segment depression ( four subjects or 13 percent), only one subject (3 percent) developed both chest pain and ST-segment depression (unequivocally positive findings ) with exercise testing.
Thirty-eight of the 54 subjects with recurrent chest pain who had abnormal coronary arteriograms stopped exercise with chest pain consistent with angina pectoris and evidence of ischemia as defined by either 1 mm or more of ischemic ST- S~S~O U C nm INTERVALS mean Q-SsI following exercise, while subjects without coronary disease show no change in the mean LVETI but a significantly shortened mean Q-SsI after exercise. The changes in PEP1 and PEP/ LVET, also shown in Table 2 , are W a r in the two groups.
Of the changes in the various systolic time intervals after exercise, the change in the LVETI showed the best correlation with the presence of signiscant coronary disease in these 110 subjects. An increase by at least 10 msec in LVETI three to four minutes following exercise was present in 46 (85 percent) of the 54 subjects with coronary disease, while only seven (12 percent) of the 58 subjects without coronary disease had that much prolongation. The change in Q-SJ after exercise was less useful in detecting obstructive coronary disease, since 21 (39 percent) of 54 patients with coronary disease had shortening (rather than the expected no change ) of this index after exercise. The best correlation with coronary disease from the combined changes of LVETI and Q-&I was found when both an increase of 10 msec or more in LVETI together with a failure to decrease by at least 10 msec of Q-&I was considered as a response indicative of coronary disease. This response of the combined changes of LVETI and Q-S2I identified 44 ( 81 percent ) of 54 patients with abnormal coronary arteriograms, while only five ( 9 percent ) of 56 subjects without coronary disease had such a response. Thus, the change in Q-$1, either alone or together with the change in LVETI, was found to be no better in detecting the presence of obstructive coronary disease than the change in LVETI alone.
Since the regression equations of Weissler and Garrard8 for determining LVETI apply to the resting state, new regression equations for the postexercise state, derived from the actual LVET and heart rate (HR) at three to four minutes following exercise of the subjects without coronary disease, were applied to the data on these 110 subjects. The results with these new equations for the postexercise state [LVET (men) = 393 -1.6 HR; LVET ( women ) = 408 -1.5 HR] show that the LVETI prolongs or fails to shorten in 46 (42 men and four women) of the 54 subjects with coronary disease, while only seven (five men and two women) of the 56 subjects without coronary disease had this abnormal response of LVETI following exercise. It can be seen that these results obtained with the new postexercise regression equations are precisely the same as those obtained using the standard regression equations of Weissler and Ga.rrard8 for both the preexercise and postexercise states. The same individuals, with the exception of one subject with corn nary disease, have abnormal postexercise values for LVETI by each method. It is concluded that the use of new regression equations for the postexercise state fail to increase the diagnostic yield of measurements of systolic time intervals before and three to four minutes after exercise in patients with chest pain.
The change in LVETI with exercise was found to be largely independent of the response of the heart rate to exercise, the abnormalities in left ventricular wall motion, the ejection fraction, or the number of coronary arteries obstructed. On the treadmill, patients with coronary disease were unable to attain maximum heart rates as high as subjects without coronary disease ( 136 t 14 beats per minute vs 164 + 18 beats per minute, respedively ). Similarly, slightly lower mean heart rates occurred three to four minutes after exercise among patients with abnormal coronary arteriograms, compared to subjects without coronary disease ( 78 + 15 beats per minute vs 99 + 17 beats per minute, respectively). But when the change in LVETI of the 110 subjects is correlated with their baseline heart rate, maximum heart rate, and heart rate three to four minutes after exercise, the resulting regression equations do not reliably separate patients with from those without coronary arterial disease. Thus, the same diagnostic information as obtained with the change in LVETI is not obtainable from the base-line heart rate, the maximum heart rate, or the heart rate three to four minutes after exercise, either alone or in combination. Abnormalities in left ventricular wall motion on the ventriculogram also were poorly related to the change in LVETI; for example, 18 of 23 patients with coronary disease but without evidence of akinesia or dyskinesia nevertheless had abnormal prolongation in LVETI after exercise. Similarly, the incidence of abnormal postexercise LVETI was not statistically different ( P > 0.1 ) between coronary patients whose angiographic left ventricular ejection fractions were normal and those whose ejection fractions were abnormal (ie, less than 55 percent ).
While there was a tendency for more equivocally positive findings on maximalexercise treadmill tests and more normal values for LVETI to occur among coronary subjects with obstruction of a single coronary artery, compared to patients with more than one coronary artery obstructed, none of these differences was found to be statistically significant.
Two of the 25 control subjects had abnormal prolongations of LVETI at three to four minutes following exercise. Neither of these two men has any evidence of heart disease by history, physical examination, chest x-ray film, or resting 12-lead ECG after three years of followup. Both subjects had un-
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equivocally negative findings ( absence of chest pain or ischemic ST-segment depression) on maximalexercise treadmill tests. Since the data presented in this study indicate that unequivocally negative findings on maximal-exercise treadmill tests are a good indicator of no significant coronary disease ( only two patients or 4 percent of 54 patients with abnormal coronary arteriograms had such a test), coronary arteriographic studies have not been done on these two apparently healthy individuals.
The postexercise change in LVETI was approximately comparable to the maximal-exercise treadmill test in detecting the presence or absence of coronary disease, since the LVETI identified correctly 86 percent (true positives plus true negatives/ total group studied = 46 + 49 + 110 = 86 percent) of the time, while the maximal exercise treadmill test jects with falsely positive findings on maximal-exercise treadmill tests. There were no patients with abnormal coronary arteriograms who had both normal findings on maximal-exercise treadmill tests and a normal change in LVETI, nor were there any subjects without coronary disease who had both unequivocally positive findings on maximal-exercise treadmill tests and prolongation of the postexercise LVETI by at least 10 msec.
The determination of systolic time intervals is a useful noninvasive measure of left ventricular function in patients with suspected cardiac decompensation,l8 but this method has not gained widespread use as a diagnostic test in the evaluation of patients with recurrent chest pain. It is not surprising that even a sensitive method of evaluating mechanical performance of the heart has not proved very useful as a diagnostic test for patients with angina pectoris, since many such patients have no detectable abnormality of left ventricular function at rest1' Although left ventricular function is often impaired during attacks of angina pectoris, efforts to utilize systolic time intervals to measure exercise-induced left ventricular dysfunction in patients with coronary heart disease have produced codicting report~.~*~*l~ While determination of systolic time intervals during exercise is technically difficult and regression equations correcting for rapid heart rates are not well established,' it appears that the main reasons for these discordant results are the variety of testing protocols used: treadmill upright exercise vs bicycle supine exercise; submaximal vs maximal exercise; measurement during vs measurement after exercise; and the difference in the populations of patients studied (ie, not all subjects with coronary heart disease had angina pectoris). The technical difficulties of recording systolic time intervals during exercise have largely been avoided in the present study by determining systolic time intervals in the conventional way before exercise and at three to four minutes after maximal-exercise treadmill testing.
It appears that upright walking exercise followed by return to recumbency for measurement of systolic time intervals yields positive results for coronary heart disease, while measurements made following supine bicycle exercise yields negative results, McConahay and asso~iates,~~ who recorded systolic time intervals in 65 supine subjects (33 normal controls and 32 patients with coronary disease but not n e c e s d y with angina pectorris) at rest and 15 seconds following moderate supine exercise on a bicycle ergometer, concluded that exercise did not improve the sensitivity of measurements of systolic time intervals in detecting disordered hemodynamics in the patients with coronary akterial disease. On the other hand, Pouget and co-workers,' who recorded systolic time intervals in 40 recumbent subjects (20 patients with angina and M) normal subjects) before and 30 seconds following submaximal upright two-step exercise, found that patients with angina pectoris prolong LVETI (23 * 3 msec) without changing Q-Sd ( -4 f 5 msec), while normal subjects shorten Q-Sd ( 
on maximalexercise treadmill tests who may or may not have signi£icant coronary obstruction. It is in this group of patients with equivocally positive bdings on exercise tests that measurements of systolic time intervals before and after exercise were most useful. All subjects (12 of 12) without coronary disease who had equivocally positive findings on maximal-exercise treadmill tests were identified as being normal by virtue of a normal change in the LVETI three to four minutes after maximal-exercise treadmill testing. An abnormal change (ie, prolongation by at least 10 msec) in LVETI correctly identified 71 percent (10) of 14 patients with coronary disease who had equivocally positive findings on maximalexercise treadmill tests. Thus, the diagnostic accuracy of the maximal-exercise treadmill test for coronary disease is greatly improved with the addition of measurements of systolic time intervals before and after exercise.
